Abstract. A non stationary case is studied when the flux of 13 N neutrinos is higher than a standard solar model predicts due to influx of fresh material from the peripheral layers to the solar core. It is shown that independently whether mixing is an instantaneous or continuous process any decrease of the flux of 15 O neutrinos is always accompanied by a dramatic increase of the flux of
Introduction
According to the currently preferred solar models based on the standard theory of stellar evolution the main source of solar energy is pp chain of reactions while only about 0.5% of solar energy is produced by a CNO cycle. It is known that this is the main source of energy for the stars of Main Sequence with a mass and temperature higher than that of the Sun. Figure 1 shows the CNO cycle by which 12 C is converted by protons to 14 N and then back to 12 C. The main body of the cycle proposed by Hans Bethe [1] is governed by 4 reactions with hydrogen:
and 2 reactions of β-decay by which neutrinos are produced:
13 N → 13 C + e + + ν e 15 O → 15 N + e + + ν e
Because the half-lives of the isotopes 13 N and 15 O are very short (9.96 m and 122 s) the fluxes of neutrinos generated in reactions (2) are directly connected with the abundances of isotopes of 12 C and 14 N in the solar core where these isotopes are produced †. In the standard solar model it is accepted that primordial abundances of C and N in the Sun are equal to the presently observed in the heliosphere. During time passed the 12 C has been burned out and 14 N has been accumulated in the core of the Sun. The abundances in the external layers have been left unchanged so that no substantial mass transport has been envisaged between central zone of the Sun and the peripheral layers. The measurement of the fluxes of neutrinos from CNO cycle would enable to find the primordial abundances of light metals in the Sun as it has been formulated by John Bahcall [3] . Later this question was discussed in many papers especially after the recent significant revisions of the solar abundances as a result of the application of a time-dependent, 3D hydrodynamical model of the solar atmosphere instead of 1D hydrostatic models [4] . Of the latest ones one can reference to [5] .
2. CNO cycle with a mass transport between center and periphery.
Here the question is addressed what fluxes of CNO neutrinos are expected in future experiments if not to be limited by this condition, i.e. if to include in the model some mass transport between center and periphery. Obviously it is assumed that this mass transport to be very mild not to distort the observables including the ones obtained by helioseismology [6] . The possibility, at least what concerns 13 N neutrinos, to obtain a sufficient physical effect by a very mild mass transport is explained by the big difference in the abundances of 12 C in the central core and in the outer layers of the radiative zone of the Sun, so that even small influx of the fresh material from outside can change substantially the abundance in the center and, consequently, can increase the flux of 13 N neutrinos. Another issue -the possibility for the abundance of 12 C in the matter of the Sun to be decreased with time during burn out in the core of the Sun, due to the mass transport, so that primordial abundance of 12 C could be higher than the present observation of the surface of the Sun may suggest. We address here to experiments, particularly to those ones which have high sensitivity to 13 N neutrinos as a most sensitive indicator of this mass transport. Several cases are analyzed as interesting issues for experiment.
Case I. Instantaneous mixing.
The first case is considered when the mixing in the core occurs at some moment in the past. Here under the "moment" the time interval is considered small in comparison with the age of the Sun, say, a few hundreds of thousands of years. The neutrino fluxes f 13 and f 15 were found by solving the system of 4 differential equations (3) containing only nuclear part of the main loop of CNO cycle. The idea is to build in the standard model a new episode and to see what can be observed by experiment sensitive to neutrinos from CNO cycle. As a result of this analysis it is shown that experiment BOREXINO than in the Sun's interior. In fact, for the generation of energy, this should produce a minor effect in comparison with the processes deep in the interior of the Sun. [7] can exclude the times less than approximately 4· 10 8 years. A further investigation of this matter in a sense to go to the longer times is the motivation for future experiments.
The system (3) has been solved for different zones of the core of the Sun, starting from center till the end of the core in the approximation that the temperature profile can be taken as described by standard solar model [8] for the present time of solar evolution. Here it is worth to note that the values λ are proportional to the product ρX( 1 H) which can be taken constant in a good approximation during the whole evolution of the Sun. This simplification is justified by the aim of this work to provide guidance for future experiments. Figure 2 shows the time evolution for the fluxes f 13 and f 15 and also for the production rate of 7 Be in lithium by CNO neutrinos. One can see that flux f 15 restores to the standard level calculated by SSM (BS05(OP) [8] ) in the time of about 10 8 years while the flux f 13 continues to decrease till a few billions of years. Thus, the reduced flux f 15 is always accompanied by a dramatic increase of the flux f 13 . The possibility for some extra signal in comparison with the expected one in the energy range of 7 Be neutrinos can be excluded now best of all by BOREXINO [7] experiment. It is worth to note that the exact exclusion limit depends upon the assumptions done in the evaluation of the data. As one can see from Table 1 taken from [8] the uncertainty of the predicted flux of 7 Be neutrinos is approximately 10%. Let's notice also that there no models with increased flux of 7 Be neutrinos, only with the decreased flux (BS05(AGS,OP), BS05(AGS,OP)). The 10% decrease of 7 Be neutrinos can be compensated by 2.4 -fold increase of 13 N neutrinos. One can see from 8 years, so all times less than this value can be excluded by BOREXINO. The discovery potential of this procedure depends critically upon the question whether the experiment sees something abnormal like some extra signal in the energy range of 7 Be neutrinos or the deviation of the ratio f 13 /f 15 from the predicted by SSM. From the physical point of view the important issue is only this point, not what is exactly and how the limit was obtained. The important result for lithium experiment is that production rate for this case of instantaneous mixing should be higher than standard solar model predicts. The increase of the effect from 13 N neutrinos surpasses the loss for 15 O neutrinos. For lithium detector there will be also the increased effect from CNO neutrinos, the magnitude of the effect being directly determined by the time passed. The task is to extract this effect from the total production rate on lithium. As a perspective region for further study one can envisage from Fig.1 the times greater than 4 · 10 8 years.
Case II. Continuous mixing.
Let's take another, more realistic case -continuous mixing. Now we suggest that there is a constant mass transport of fresh material from external layers to the core of the Sun.
The system of 4 differential equations (4) for this case contains the additional part -proportional to difference of the abundances of the peripheral and central zones with the coefficient k which is just the ratio of the transported per one year mass of the solar material to the total mass of the core. We intentionally omit here coordinates with detailed description of turbulent diffusion etc. and look only on the evolution of the process. The physical scenario is that one can consider delivery and distribution of fresh solar material across the core of the Sun as a relatively fast process while the combustion of the fuel in nuclear fusion -as a very slow process which proceeds after the solar material has been distributed across the core. So for the results of this analysis is not very substantial exactly how the fresh material gets distributed across the core of the Sun; what is important -that the core can be considered as a homogeneous structure for a relatively short time prior the process of nuclear fusion starts running. In other words -we consider that the effect of the nuclear fusion is negligible on the way from the outer surface to the center of the core of the Sun. This is very close to the real situation because the time scale of CNO cycle is comparable with the age of the Sun. We should note also that the values of k used here are relatively small so that the process of mixing is very mild and does not disturb a temperature and a density map prescribed by standard solar model in agreement with observational data. The effect generally has been gained due to a very low equilibrium abundance of 12 C in the core of the Sun, on the level of only 10 −5 g/g, as the SSM prescribes for the current age of the Sun. The results obtained can be presented at Fig.3 transformed from Fig.2 by positioning a new, upper scale on the same curves, so that now they represent not a function of time but of the variable k. What limit for k can be put by BOREXINO experiment? For the same factor 2.4 used in case I but this time using the upper scale we obtain: k < 5 · 10 −10 . It is the maximum what can be obtained from BOREXINO experiment even for infinite time of measurements, in other words, is an inherent limitation. Of course the way we put this limit can be criticized, but the discovery potential depends not on the limits obtained from non observation of anything but from the observation of something in disaccord with the standard scenario. So it would be interesting if BOREXINO finds some excess above the expected value what can not be assigned to the background. If BOREXINO does not find, may be lithium experiment will find, integrating the whole interval of medium energies. Here it is also worth to note that any excess of the signal in the energy range associated with beryllium neutrinos can be interpreted as the manifestation of the primordial higher abundance of carbon or as a mass transport in the Sun (or both). In the first case there should be also the increased flux of 15 O neutrinos. This case is especially attractive for lithium detector because it has high sensitivity to 15 O neutrinos. In the second case the ratio y = f 13 /f 15 should be higher than expected; let's notice also that the nuclear uncertainties and the ones coming from the neutrino oscillations are canceled in this ratio, first -because of the closure of the CNO cycle, second -because the attenuation factors for 13 N and 15 O neutrinos are very close. From the experimental point of view the task to measure the ratio y = f 13 /f 15 is very difficult to realize because of the pileup from different neutrino sources. The problem is really severe: we have 4 neutrino sources with intermediate energies 0.5MeV < E ν < 2.0MeV : pep, 7 Be, The overlap depends upon the type of detector, its energy resolution etc. In any case, obviously to resolve these neutrino sources the detector should have the energy resolution comparable with the one of semiconductor or cryogenic detectors. Apparently the present time is not ripe yet for these ideas. Thus the only possible solution at present seems to be to utilize complimentarily the different kind of detectors. Electronic scintillation detectors and radiochemical detectors appear to be a good match for this study. The first one gives the differential information on the energy spectra, the second one -the integral one. The electronic detector meets serious background problems for neutrinos from CNO cycle; the radiochemical lithium detector has comparable sensitivity for all neutrino sources from medium energy range. It is always seems very attractive to compare the results obtained by different techniques to gain higher confidence.
3. Summary: the burning out of 12 C and a mass transport in the Sun.
This value of k one can obtain from this analysis, is it a small value or a large one?
The calculations show that if one takes k = 10 −9 the result will be that the primordial abundance of 12 C will be decreased in the outer regions of the Sun (and observed in heliosphere) by a factor of 4. One can not say with all confidence that this case is totally excluded now, however it would be difficult to expect so large value, rather we would prefer to be conservative and to consider quite possible for the value of k to be on the level of about 10 The advantage of lithium detector is high sensitivity to 13 N and 15 O neutrinos from CNO cycle in the interior of the Sun. Chlorine detector was mainly sensitive to boron neutrinos, gallium -to pp-neutrinos. BOREXINO has very powerful signal from 7 Be neutrinos and also from pep neutrinos at higher energies. Because there is an overlap its sensitivity to 13 N and 15 O neutrinos is very limited. One can see this on Fig.5 where the energy spectrum of νe − scattering is presented for the ideal resolution. In lithium detector the contribution of 7 Be, pep and CNO neutrinos is comparable so it gives very valuable piece of information in combination with other detectors apart from the fact that to get the information by independent experiment using absolutely different technique is always useful. In the end one never knows what surprises can bring a new experiment. A chlorine experiment from the very beginning did not promise a big discovery; it was just a test of a thermonuclear nature of the generation of solar energy . ν e e − scattering recoil spectra and indeed, nobody expressed doubts about it. Who could think that it will discover neutrino oscillations? Sometimes the deviations from the standard behavior are really very tiny, but physics behind these tiny deviations sometimes is great. It is always useful to perform the scrupulous measurements to see the real effect. The Table 2 shows the contributions of different neutrino sources for lithium detector in comparison with the chlorine and gallium [9] - [11] . One should take into consideration that the attenuation factors for boron neutrinos is approximately 0.32 and for all neutrinos of medium energies can be taken as 0.59. Taking this into account one can see that the contribution of CNO neutrinos in lithium detector is approximately 18% while the contribution of CNO cycle to the solar luminosity is only 0.5%. In the equation of the balance of the luminosity of the Sun neutrinos from CNO cycle terminate the equation, it is the last touch which fills the gap and determines the flux of pp neutrinos with the accuracy better than 1%. The measurement of the fluxes of 13 N and 15 O neutrinos enables to compare the present with the past: present is determined by neutrino fluxes as a probe of a nuclear activity of the solar core, past -by the luminosity of the Sun as its activity delayed by millions of years. To know how the Sun shines we should make full spectroscopy of solar neutrinos as it has been formulated on the eve of the solar neutrino research by V.Kuzmin, G.Zatsepin and J.Bahcall [14] .
Acknowledgements

